the cost-effectiveness of replacing traditional techniques with computer-based ones. In addition, however, it is becoming clear that if one relies on technical or cost criteria alone one will severely overestimate the value of clinical computer systems, because a variety of other criteria affect the perceived value to the clinical user. Whatever the technical merit of advanced computing techniques, experience repeatedly proves that systems which demand specialized nonmedical skills, systems which are dictatorial and unyielding to a particular clinician's style, systems which appear professionally threatening, or systems which seem arbitrary in their behaviour, will be judged harshly by their clinical users. Medical staff who see their primary role as care of the sick will often reject an unwieldy technology in favour of familiar methods of patient care developed over years of experience.
Examples of this rejection are not hard to find. One California hospital invested some years of effort in the development of a Total Hospital Information System whose purpose was to integrate many clinical activities into a coherent purposeful whole. These activities included patient-record keeping, organizing prescription and laboratory orders, patient-scheduling and bed allocation, etc. Yet, however fine the purpose, a survey of the clinical staff some time after the system became operational indicated that 42~~of the clinicians thought that the system should be disconnected, which seems a very high level of alienation. Apparently the special skills demanded of the doctors when using the system or the changes required in their methods, were so unacceptable as to obscure the advantages of the system for a very large proportion of them.
Other computer systems, such as 'aids to diagnosis' and computer consultation systems like MYCIN, raise more sensitive issues than mere convenience. To most clinicians the process of diagnosis and selection of therapy is intimately associated with clinical judgment and a sense of human needs and values. To them the precision, speed and reliability of the computer is a poor substitute and they remain deeply sceptical and suspicious of such innovations. Similar attitudes are encountered in connection with computer-based 'interrogation' of patients, whether for purposes of screening, or to save the doctor time by taking on the responsibility for routine interviews and collecting basic facts about a patient's problems and background. To many doctors there is no such thing as a 'routine' interview, every patient is different, and there is always more to a patient than meets the eye (or the computer terminal). Only the experienced, human interviewer has the breadth of knowledge and judgment to do justice to the patient, and attempts to automate such a critical part of the encounter with the patient can only put distance between him and his doctor, undermine his confidence, and reduce the quality of care that is offered.
It is easy, therefore, to identify problems (and potentially critical ones) that will face the system engineer even after he successfully negotiates technical and economic obstacles. Although it is probably true that some clinical fears will prove to be unfounded (though little appropriate research has been initiated) many will prove to be justified, and this inevitable fact must be clearly faced. But whether particular clinical worries are reasonable or not should not be points of debate between clinical staff and biomedical engineers, since the very existence of doubt and suspicion represents as real a technological failure as the technical inadequacy of a program. The important point is that aids to diagnosis, decision and patient management, should clearly support clinical work and should not usurp, or appear to usurp, the clinical responsibility of the doctor or the autonomy of his patient.
The last decade or so of hospital computing research and development has seen an emphasis on technical innovation, in both equipment and programming techniques, rather than on enquiry into the many consequences of clinical computing for the doctor and his patient. During this time the UK Department.ofHealth and Social Security has been supporting a wide variety of experiments on computers in health care and their Interim Report (1977) should mark the start of a debate on the future of research policy. The report is broadly optimistic about the technical successes that have been achieved, though it does not address the sorts of human issue mentioned above. This paper argues that a new policy is needed and should aim to make the most of technical successes by carefully marrying them to clinical needs, through a recognition of the informal. nontechnical factors that eventually determine their acceptability. Such a policy would require changes of emphasis in organization and funding to encourage greater sensitivity to the needs and methods of individual clinicians and the idiosyncratic and informal organization of clinic and hospital. Features of a policy to achieve this end could include the following.
(1) Computer resources should be matched with existing spheres ofresponsibility As we saw with the California hospital mentioned above, one of the major difficulties with centralized computer systems supporting activities on a hospital-wide basis is that programs and systems tend to be optimized in such a way that the systems prove to be unresponsive to the needs and preferences of particular individuals or clinics. In addition, clinical staff feel powerless to influence the activities of a large autonomous computer department, whose members may have little clinical experience or appreciation, and consequently relationships may become strained and uncooperative.
Further developments should provide computing resources that closely match, and support, established areas of responsibility. With the dramatic fall in real costs of computers it is now becoming possible to do this. When it is deemed necessary to provide computing resources, whether in clinic, laboratory, labour ward or teaching unit, a small, dedicated minicomputer can be provided and its programming developed to satisfy local requirements and methods of working. The staff of such departments would themselves have a major responsibility for influencing its development. Such 'private' systems are not compromised by having to provide a variety of additional services. It seems strikingly clear that where this practice has been followed, as with radiotherapy planning systems, pathology laboratory equipment, and some monitoring systems, gratifyingly high-quality service and high levels of user satisfaction have often been made possible.
By encouraging local responsibility for the development of computing resources one might appear to be inviting a lack of structure or coherence in the development of hospital computer technology, but this danger could probably be prevented by several simple measures. Firstly, of course, there would be a need for setting out guidelines for the purchase of equipment and the development of programs. Secondly, and perhaps more importantly, organization of programming services should come to reflect the small-scale character of computing itself; small groups of peripatetic programming staff should replace the resident staffs of hospital computing departments. Such individuals or groups would be outposted to particular clinics or departments in order to develop or adapt programs for the user group. By being present in the clinic for an extended period the analyst and programmer -would come to understand intimately the needs of the clinic's patients and statT.They would also be immediately on hand for consultation with the statTduring the period of program introduction. Finally, planning for the progressive acquisition of small computers, and their subsequent interconnection into 'networks' of communicating but autonomous units, would make it possible to evolve an integration of the activities of hospital departments that is so often hoped for, but rarely achieved with centralized hospital systems.
(2) Clarification of working relationship between clinician and computing resource The rapid expansion of medical information technology has forced health services to buffer clinicians from ever-increasing demands by placing nonclinical professionals between them and the mechanics of data collection. Laboratory personnel, for example, carry out assays and write reports on the results; medical physicists carry out, and have much influence on, the interpretation of isotope studies. While it sometimes seems inevitable, this is not a desirable state of affairs. If straightforward questions are being asked, about, say, blood albumin levels. then separating the data-collector and clinical decision-maker is presumably innocuous. But this is not always so. We appear to be moving into an age where clinical questions are becoming much less simple. For example the way that data are interpreted may be intimately related to the nature of the decision being made. One patient with a suspected haematoma was sent for a gamma-camera brain scan. Attending clinicians were considering anticoagulant therapy for a separate condition and naturally were concerned to know whether there was "the slightest chance of a lesion being present, since the proposed therapy could then be fatal through further bleeding. However, the interpretive policy of radiologists and medical physicists in the gammacamera unit was a conservative one -brain lesions are only reported when the visual and quantitative evidence are quite clear. This protects many patients from unnecessary investigations while rarely putting real sufferers at risk. In this case, however, the decision criteria of the clinical and radiological staff were at odds and some confusion resulted until the problem was recognized.
Problems of this kind are of particular relevance to computer technology, since future trends are likely to provide more complex information collection and processing in support of more complex clinical decision-making. If the clinical staff are increasingly butTered from the technical side of the work then there is an increased danger that the methods and results will become opaque to them and correspondingly lead to greater risks for the patient.
A possible solution to such difficulties might include reorganization of the care process to ensure that technical staff become more familiar with the history of a particular patient's case and the management plan being followed. But because of organizational problems and questions of confidentiality this is not always practical. Another approach could be aimed at the development of truly interactive computer systems through which the clinician could actively investigate and reinterpret patient data (see also Gorry 1973) . Properly designed equipment, that is both useful and congenial to use, could ensure that all relevant information is directly available to the clinician and communication failures avoided.
Many experienced clinicians have faced difficulties analogous to our example and the problem is rather clear, though the consequences of possible solutions are not. The development of clinical computing must provide for determining these consequences and for the development of guidelines that systems designers may draw upon. When, for example, is buffering of technical support desirable? What methods may be used to avoid it? What are the organizational and clinical consequences of such methods? A new policy must encourage research into these questions.
(3) The issue of'responsibility' must be clarified In many branches of computing, such as in the control of commuter transport systems or the control of industrial processes, the system of which the computer is a part is well understood and the computer can be delegated to take many final decisions. This has proved to be virtually impossible in medicine; the job of being a doctor cannot be formally described, and even the mechanisms of disease often elude clear description. As a result the computer preserves a menial role, rather than that of a delegate with responsibility for decision-making, and the doctor retains responsibility for all final judgments. However, to judge from the design of many computer systems that purport to aid the doctor in his decision-making, there is little recognition of this. Many such systems, for example, are statistical in character; they provide relative likelihoods of disease alternatives for given sets of symptoms, or recommend further investigation, by drawing upon a large body of population data. The statistical 'optimum' diagnosis or investigation, however, is not always the correct one for an individual patient nor will it always seem appropriate to the clinician. Yet little guidance is given to him in the use of such statistical information, and little opportunity to veto or question computer 'recommendations'. Under such circumstances, therefore, if the clinician cannot evaluate a computer recommendation that he considers to be odd or incomprehensible, he is likely to ignore it entirely or to act upon it uncritically. If he ignores it we may be losing some of the advantages of having the comprehensive population data; if he simply accepts it then the computer is no longer a data-processing menial but has usurped clinical responsibility (see also Shortlitfe 1976) .
This state of affairs is unacceptable but 'due care and attention' to ensure that programs are accurate and reliable will not, by themselves, solve the problem. Research into aids that provide a broad range of facilities to assist in their own use, and help evaluate the expected consequences of decisions made with them, should be given priority.
Responsibility in the ethical sense also requires some clarification; after all, who is to take responsibility for clinical decisions and their outcomes when a computer has had a significant part in those decisions? It does not seem fanciful that the day will come when a doctor faced with charges of malpractice might seek to defend himself by emphasizing that he acted in good faith on the basis of a computer recommendation. Under such circumstances it would be unclear whether the computer system, and therefore presumably its designers, is culpable or whether it should be the doctors, in whose hands the final decision lies. While computers remain clinical oddities the problem will seem abstract, but it may not remain so for long.
(4) Emphasis on need to incorporate patient needs and values into decision-making procedures
All clinical decisions, whether decisions about further investigations or about treatment, include components of medical expertise and components associated with the needs and values of the patient. At present the clinical process emphasizes the responsibility and expertise of the doctor, since it rarely seems really practical to allow the patient himself to direct his own medical care. However, it is increasingly argued that the pendulum has swung too far towards the convenience of the medical institutions and away from the needs of the patient. In his book 'Limit's to Medicine' Illich (1976) argues, further, that organized medicine along with other massive institutions reduces our sense of autonomy, giving the feeling that our bodily wellbeing is in the hands of 'professional' people who make decisions for us, and is no longer under our own control. Illich's view is that this has severely deleterious social and political consequences.
The position of such critics is that, as potential patients, we should reclaim our autonomy, though few suggestions for this beyond direct political action are made. Without taking a position on the outcome of the debate it does seem likely that medical computer technologists could, and perhaps should, contribute to it, since they could be called upon to help implement change. If, as seems likely, sophisticated consultation systems can be developed to aid a doctor in deciding what is best for a patient, then it may be equally possible to provide aids for the patients themselves. Perhaps a patient faced with a long waiting list or high private fees, a worrying operation, or a decision about a long business trip, can be helped to explore his own options. If this is so, then a debate about policy for the development of medical computing must recognize the larger debate about the impact of possible technical innovations on patients and society as a whole. The providers of the technology are broadly silent on such matters; they should enter the debate to contribute their specialist evidence.
(5) Greater recognition ofpossible effects on doctor-patient relationship As mentioned earlier, automation of patient care, as in the computer interview, is for many a contradiction in terms. However, we must also recognize that characteristics of automated systems may have their place in modern medicine. Some recent research has suggested, for example, that in the area of psychological medicine, particularly where sensitive questions about psychosexual matters must be asked, patients sometimes actually prefer the computerbased interview to the potentially embarrassing interview with a psychiatrist. Here we see the computer being introduced into a human setting of some complexity and offering privacy and confidentiality to a patient, not the dehumanization that many would have expected.
There are other situations, however, where the gains offered to the patient may be somewhat outweighed by the costs, through loss of contact with the doctor. One study, for example, was aimed at determining whether a computer could assist doctors in identifying patients in an antenatal clinic whose health, or whose babies' health, was at risk (Anderson et al. 1976) . The authors of this study concluded that the computer probably might fulfil a useful role in this way, and that the system could relieve the obstetrician of 50~~of the clinical workload. However the question then arises, though has not been addressed, of how such a reduction in workload is likely to be used by the staff of a clinic provided with such equipment. One would hope that the extra time gained would be used for longer, less hurried, contact with those patients most in need of careful counselling. However, since doctors have heavy duties and commitments beyond the clinic, a saving on a clinical session could be soaked up in many ways and might not be fed back to the clinic that originally freed the time. The result might be that, after the introduction of the computer, all patients simply see less of the doctor. The development of computer systems, therefore, may not have the hoped-for consequences, and very definite provision should be made to follow up any such effects and build upon the results of such follow ups.
(6) Precautionary measures to prevent 'deskillinq' by computer Considerable research is being carried out into systems that aid clinicians in many aspects of their work (see Fox 1977 , for a discussion) and, as mentioned in the context of 'statistical aids', much of the work is directed at aiding diagnosis and decisions about clinical investigation. Some observers welcome these developments as offering the chance of 'putting old heads on young shoulders', and there is certainly evidence that they can prove to be of value in a number of fields of clinical medicine. Encouraging reports have been published concerning the diagnosis of acute abdominal pain (de Dombal 1975) and the differential diagnosis of goitres (Bouckaert 1972) and even in the prediction of suicide attempts , and the list is likely to get longer. However, there are reasons for retaining reservations.
The majority of systems reported are statistical, in the sense that they tend to emphasize typical or representative patterns of signs and symptoms, and under-emphasize particular clinical pictures. This is not to contradict the earlier remark that such programs are capable of assisting in making accurate diagnoses or more optimal decisions: rather, it is to point out that they will make good decisions on the average. Since such systems essentially rely on a measure of similarity of a patient's symptoms to the 'typical' picture, they fail to encourage clinical sensitivity concerning the problems of particular patients. A gradually increasing reliance on such devices, by medical students particularly but also perhaps by more senior doctors, is likely to lead to a growing insensitivity to idiosyncratic problems of patients, unusual combinations of pathologies, the awareness that certain 'symptoms' are really complications of other treatment rather than manifestations of the primary pathology, and so forth. In short, such systems could discourage the development of good clinical judgment or undermine a more junior clinician's confidence in applying it.
The response, of course, is not to reject the use of such systems, for they certainly have their place in clinical medicine. Rather, there is a need to recognize the potential for negative side effects, and to investigate techniques to ameliorate them. Such techniques might include the use of appropriate clinical training or provision for known side effects in the design of the computer programs. However, the alternatives require empirical investigation --the penalties for complacency may be severe.
Conclusion
This paper argues that progress in hospital computing cannot rest solely on the solution of technical problems. Experience has repeatedly shown that technical inadequacy is only one way in which a computer system may fail; other ways are linked to the incompatibility of a system and its clinical users. Failure to carry out research into these problems, and to provide for them, is likely to undercut the reputation of medical computer technology and limit its potential.
After the appearance of the Interim Report on Computing Research by the Department of Health it seems appropriate to urge debate on these problems and on the implementation of solutions. One specific proposal concerning implementation is that computing-services units should be established at area level, where possible associated with a teaching hospital. The responsibilities of such units would be to provide applications and purchasing advice, to supply the peripatetic staff necessary for system development and, reflecting the present state of the subject, to fulfil a research role. This role would include research in basic computing techniques but would, in addition, emphasize research into the clinical and organizational effects of the new equipment. An additional important role would be the simple, but critical, one ofensuring that all projects, whether counted as successes or failures, are properly documented and made public, so that other clinical and biomedical staff may be able to build upon the experiences.
